cystic cavity and destruction of the spinal cord and the nerves that supply the extremities. 1 The damage to the cord and nerves can cause numerous neurological symptoms.
Intraoperative sonography has been effectively used in neurosurgery to dynamically evaluate the anatomy of interest, limit unnecessary surgical exploration, guide catheter placement, and reduce the risk of injury to the spinal cord during surgery. 4, 5 
Case Description
A male patient in his late 40s was referred for evaluation at a neurosurgery clinic with a complicated medical history. Eight years prior, he had numerous neurological complaints, including headache, blurry vision, difficulty with gait, numbness of the arms, and bladder dysfunction. Magnetic resonance imaging (MRI) at this time revealed a hindbrain abnormality with herniation of the cerebellar tonsils through the foramen magnum and into the cervical spinal canal, consistent with a Chiari malformation ( Figure 1) . He underwent Chiari decompression surgery, which alleviated his symptoms.
Two years later, his neurological condition began to deteriorate. An MRI revealed spinal cord tethering in the region of his Chiari malformation decompression site, as well as a syrinx. The syrinx filled most of the diameter of the canal and ended at approximately the ninth thoracic vertebra ( Figure 2 ). He underwent surgery to release the tethering and decompress the syrinx. The surgery was uncomplicated, and the patient's symptoms improved.
Approximately five years later, at the time of his clinical assessment in the neurosurgery clinic, he expressed several concerns, including blurry vision and persistent headaches. He had chronic discomfort through his neck, shoulders, and lower back, as well as numbness in his left hand and arm. His newest symptom, and greatest concern at this time, was a persistence of poor balance leading to occasional falls. An MRI of the cervical spine revealed a prominent syrinx extending throughout the cervicothoracic region. The syrinx was thought to be derived from the direct shunting of CSF into the spinal cord due to its retethering at the site of his past Chiari malformation. He was admitted for placement of a syringosubarachnoid shunt for decompression of the syrinx.
Laminectomies of the seventh to the ninth thoracic vertebrae were first performed to expose the dura over the spinal cord. The laminectomy site was filled with sterile saline, and a Phillips HDI 5000 system with a C8-5 MHz transducer was used to produce intraoperative sonographic images of the large syrinx (Figures 3 and 4 ). Under sonographic guidance, the distal end of a short length of lumboperitoneal catheter was inserted caudally into the subarachnoid space, and the tip of the catheter was advanced about 2 cm into the syrinx. Immediate return of clear cerebral spinal fluid under moderate pressure was observed through the catheter. Sonographic images showed the small-caliber catheter located centrally in the syrinx ( Figure 5 ).
The patient tolerated the surgery without difficulty. His postoperative course was uncomplicated, and his symptoms were improving at the time of his discharge. The patient was scheduled to have a follow-up MRI a month later but passed away from complications thought not to be related to the surgery. 
Discussion
The term syringomyelia was first used in the medical literature in 1827 by Olliver to describe cystic dilatations within the spinal cord. The first surgical treatment for syringomyelia was described 65 years later. 1, 6 Patients with extramedullary lesions at the foramen magnum, usually a Chiari malformation, are at higher risk for development of syringomyelia. 3, 7 The pathogenesis of syringomyelia is controversial and uncertain. There are a number of hydrodynamic theories relating to its etiology. One of the more recognized theories was proposed by W. J. Gardner, who first acknowledged the association of syringomyelia with Chiari malformation. He believed that the cause of syringomyelia was due to delayed perforation of the roof of the rhombencephalon and failure of the opening of the foramina of Luschka and Magendie. 7 These delayed openings would result in the subarachnoid space never fully expanding and filling with CSF. Consequently, the pressure of CSF in the fourth ventricle would be elevated and directed into the central canal of the spinal cord, causing hydromyelia. The dilated central canal would be prone to rupture, leading to syringomyelia. 1, 7 Gardner's theory has been criticized because obstruction of the fourth ventricle should lead to intrauterine hydrocephalus. Yet, most patients with syringomyelia and Chiari malformation do not have hydrocephalus. 7 His theory has been modified over the years to incorporate the importance of restricted CSF flow. Theories now suggest that a problem with the cisterna magna may impede CSF flow, resulting in exaggerated ventricular pulsations transmitted into and dilating the central canal. 1, 7 The numerous theories regarding the pathogenesis of syringomyelia have helped form treatment strategies and the development of several operative procedures. Most recently, cerebellar decompression associated with syringosubarachnoid shunting has become a common procedure for the treatment of a syringomyelia caused by Chiari malformation. 6 Classically, symptoms of syringomyelia begin in late adolescence to early adulthood and progress irregularly due to destruction of the spinal cord and its nerves. 1 Syringomyelia seen in association with Chiari malformation usually presents with occipitocervical headaches that are aggravated by maneuvers that increase intracranial pressure, such as coughing or laughing. 7 Patients may also present with segmental weakness and atrophy of the intrinsic muscles of the hands and arms with loss of tendon reflexes. Motor impairments are common, as well as loss of the ability to distinguish between heat and cold in the upper extremities, but with preserved tactile sense. 1, 7 Back pain, paresthesia, and impairments of bladder or bowel control are also common. Syringomyelia is later marked by spastic paralysis in the extremities and scoliosis. 1 The clinical course of syringomyelia is unpredictable. Each patient can present with a different combination of symptoms depending on the location and extent of the cystic cavity. 1, 2 Most patients with syringomyelia are not diagnosed until midlife because symptoms can lie dormant for years until progressive damage to the nerves necessitates medical care.
Surgical treatment is indicated in symptomatic patients and in those with large syringomyelia regardless of symptoms. Patients presenting with syringomyelia secondary to a tethered cord without hydrocephalus should undergo untethering of the spinal cord first. 2 If symptoms do not improve or the syrinx enlarges, placement of a syringosubarachnoid shunt is an effective treatment. 3, 6, 8 Intraoperative sonography can be used to guide for shunt placement. 2, 3, 6, 8 Even when optimally placed, subarachnoid shunts are still subject to malfunction, with the most common being shunt obstruction, followed by injury to or tethering of the spinal cord, infection, and low-pressure CSF state. 8 Most patients treated with shunting procedures will experience neurological improvement of symptoms with complete or mild regression of the syrinx.
Intraoperative sonography uses high-frequency (7.5-to 15-MHz) array transducers, which allow for maximum spatial resolution imaging of the spinal cord. 4, 9 Sterile saline is used in the laminectomy site to create an acoustic water bath for imaging. 9 The draped, sterile transducer is placed into the laminectomy site and directly onto the exposed dural sac. In transverse, the dural sac appears as an echogenic ring with anechoic CSF surrounding it. The spinal cord appears hypoechoic and is outlined by echogenic borders on its anterior and posterior walls. 5 The central canal is located in the center of the spinal cord and appears more echogenic than the rest of the spinal cord tissue. 9 The location of the central canal on the sonogram can serve as a useful indicator of the specific disease, such as syringomyelia or hydromyelia. However, in some cases, the canal can be obliterated or displaced by an intramedullary lesion, and therefore the location of the central canal cannot be identified. 4, 9 Cystic collections of the spinal cord, such as syringomyelia, appear as anechoic fluid collections within the substance of the cord. Intraoperative spinal sonography is a precise imaging modality for intramedullary and extramedullary cysts. 10 It can be used to identify the anterior and posterior walls of a cystic cavity, determine the size and number of cystic collections, and document septations. Intraoperative sonography offers real-time guidance for optimal shunt placement into a cystic cavity and also documents decompression of the cavity. [9] [10] [11] Intraoperative sonography helps to ensure correct shunt placement and possibly longer shunt patency.
Conclusion
Treatment for a syringomyelia is a frustrating entity due to complicated diagnoses, controversial pathogenesis, and lack of consensus regarding the most effective treatments. Syringosubarachnoid shunt placement seems to be an effective treatment in symptomatic cases. Intraoperative sonography is a valuable tool that provides information for shunt placement and decompression of cystic cavities during neurosurgery, contributing to minimized surgical time and providing a safer spinal surgery.
